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OPTICAL SCANNING DEVICE AND 
IMAGE FORMING APPARATUS USING THE SAME 

FIELD OF THE INVENTION AND RELATED ART 
5 This invention relates to an optical 

scanning device and an image forming apparatus 
using the same. The present invention in this 
aspect is suitable , for example, to various 
apparatuses such as a laser beam printer, a 

10 digital copying machine, a multifunction printer 

or the like, having an electrophotographic process 
wherein a single light beam or plural light beams 
optically modulated and emitted from light source 
means are reflectively deflected by a polygonal 

15 mirror (deflecting means) and, through a scanning 
optical system, a surface to be scanned is 
optically scanned whereby imagewise information is 
recorded thereon. 

In another aspect, the present 

20 invention concerns an optical scanning device and 
an image forming apparatus using the same, wherein 
a light beam is projected in an oblique direction 
(oblique incidence) upon a plane perpendicular to 
a rotational axis of deflecting means and wherein 

2 5 scan line bending to be produced on a surface to 
be scanned, as a result of oblique incidence, is 
corrected, such that superior images are 



obtainable constantly. Furthermore, the present 
invention is suitable to a color image forming 
apparatus having one or more optical scanning 
devices and plural image bearing members 
corresponding to respective colors. 

Conventionally, in optical scanning 
devices such as a laser beam printer (LBP) , for 
example, a light beam optically modulated in 
accordance with an imagewise signal and emitted 
from light source means is periodically modulated 
by an optical deflector, comprising a rotational 
polygon mirror, for example. Then, through a 
scanning optical system having an f-e 
characteristic, the light beam is focused to 
produce a light spot upon the surface of a 
photosensitive recording medium (photosensitive 
drum) , and to optically scan that surface, whereby 
imagewise recording is carried out. 

Figure 20 is a schematic view of a main 
portion of a conventional optical scanning device. 

As seen in the drawing, a divergent 
light beam emitted from light source means 91 is 
transformed by a collimator lens 92 into an 
approximately parallel light beam. Subsequently, 
the light beam is restricted by a stop 93 and then 
it enters a cylindrical lens 94 having a 
predetermined refractive power only in a sub-scan 



direction. As regards the approximately parallel 
light beam incident on the cylindrical lens 94, 
within a main scan sectional plane the light beam 
exits as it is. Within a sub-scan sectional plane, 
on the other hand, the light beam is collected 
such that it is imaged as an approximately linear 
image upon a deflection surface (reflection 
surface) 95a of deflecting means (light deflector) 
95 which comprises a polygon mirror. 

The light beam deflected by the 
deflection surface 95a of the deflecting means 95 
is directed onto a photosensitive drum surface 98, 
which is a surface to be scanned, through a 
scanning optical system 96 having an f-9 
characteristic. By rotating the deflecting means 
95 in a direction of an arrow A, the 
photosensitive drum surface 98 is optically 
scanned in a direction of an arrow B, whereby 
imagewise information is recorded thereon. 

In optical scanning devices such as 
described above, attainment of high-precision 
recording of imagewise information requires that 
the curvature of field is corrected satisfactorily 
throughout the whole surface to be scanned, that 
there is a distortion characteristic (f-0 
characteristic) with velocity uniformness between 
the angle of view (scanning angle) 0 and the image 



height (distance from the scan center) Y, and that 
the spot diameter at respective image heights upon 
the image plane (surface to be scanned) is even. 
Many proposals have been made in respect to 
optical scanning devices or scanning optical 
systems, satisfying such optical characteristics. 

On the other hand, where plural light 
beams are scanned by use of a single optical 
deflector, in order to separate the light beams in 
a sub-scan direction to meet the necessity of 
directing the light beams, after being scanned, to 
respective photosensitive members corresponding to 
different colors, respectively, it is required 
that the incident light beams are projected in an 
oblique direction (oblique incidence) upon a plane 
perpendicular to the rotational axis of the 
deflecting means. If a light beam is obliquely 
incident upon the deflecting means, it causes a 
phenomenon, called "scan line bending", that the 
scan line on the surface being scanned is bent. 

Particularly, in a case of color image 
forming apparatuses wherein laser light is 
projected from optical scanning devices to four 
photosensitive members (photosensitive drums) to 
produce latent images thereon to thereby form 
images of an original, of colors Y (yellow), M 
(magenta) , C (cyan) and Bk (black) , respectively, 



upon corresponding photosensitive members, 
respectively, the images of four colors of Y, M, C 
and Bk produced on the respective photosensitive 
members must be superposed in registration upon a 
transfer material such as a paper sheet, for 
example. Therefore, if the scan line bending 
occurs in the optical scanning devices 
corresponding to these photosensitive members, it 
results in an error in shape of the scan line 
among the four colors, causing color displacement 
in an obtained image upon the transfer material . 
Thus, the image performance would be degraded 
considerably . 

Some optical scanning devices have been 
proposed in an attempt to solving the problem of 
scan line bending. 

Japanese Laid-Open Patent Application 
No. 7-191272 shows an optical scanning device 
wherein a light beam is projected in an oblique 
direction onto a plane perpendicular to the 
rotational axis of deflecting means. In this 
example, one of scanning optical elements 
constituting a scanning optical system comprises 
an anamorphic lens having an aspherical shape in 
its main-scan sectional shape, and the curvature 
radius in the sub-scan sectional plane is set 
independently from the main-scan sectional shape. 
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Additionally, the optical axis thereof is disposed 
with eccentricity in the sub-scan direction with 
respect to the deflection surface of the 
deflecting means, whereby the scan line bending is 
5 corrected. 

Japanese Laid-Open Patent Application 
No. 9-184991 shows an example in which a parallel 
plane plate used as a dust protection glass plate 
is disposed with tilt, thereby to correct the scan 

10 line bending. 

These technology in summary concern . 
correction of the scan line bending based on 
eccentric disposition of an optical element such 
as: displacing a scanning optical element (imaging 

15 optical element) such as an anamorphic lens, for 

example, included in a scanning optical system, in 
the sub-scan direction; or tilting an optical 
element such as a dust protection glass which does 
not have an imaging function. 

2 0 However, if such optical element is 

disposed eccentrically in the light path, although 
the scan line bending might be corrected, other 
optical characteristics may change. Further, the 
amount of eccentricity of the optical element has 

25 a correction effect to the scan line bending, only 
in relation to a particular light beam. It is 
difficult to correct the scan line bending for 



plural light beams, simultaneously. Thus, it is 
necessary to use one optical element in connection 
with every single light beam. Where plural light 
beams are used, use of plural optical elements 
corresponding to these light beams, respectively, 
is necessary. This causes an increase of the 
number of constituent elements. 

Japanese Laid-Open Patent Application 
No. 9-90254 shows an example wherein the sagittal 
of a cylindrical lens follows a non-cylindrical 
surface such that the wavefront of a light beam 
passed through the cylindrical lens is delayed at 
the periphery in the sub-scan direction, with 
respect to a reference spherical surface. 

This example is based on the structure 
arranged to prevent degradation of image drafting 
performance in a case where the beam diameter in 
the sub-scan direction is small, causing that the 
beam waist becomes away from the Gauss image plane 
and the change in beam diameter due to defocus 
becomes large. It is not a structure for solving 
the problem of scan line bending. 

Japanese Laid-Open Patent Application 
No. 2002-148542 and No. 2002-162587, for example, 
propose an example in which, in a case where 
plural light beams are scanned by use of a single 
optical deflector, differences in height are 



provided among the light beams with respect to a 
sub-scan direction and, after the light beams are 
projected upon a plane perpendicular to the 
rotational axis of the optical deflector, they are 
separated from each other. 

However, if the separation based on 
differences in height of the light beams is used, 
it leads to an increase in height (thickness) of 
the optical deflector or it causes a necessity of 
preparing different lenses corresponding to the 
light beams, respectively. The structure would 
become very complicated. 

SUMMARY OF THE INVENTION 

It is an object of the present 
invention to provide an optical scanning device 
and an image forming apparatus using the same, in 
which a light beam is projected in an oblique 
direction (oblique incidence) upon a plane 
perpendicular to the rotational axis of deflecting 
means or in which a scanning optical system is 
disposed with eccentricity with respect to a sub- 
scan direction and, on the basis of it, any scan 
line bending to be produced can be improved 
significantly . 

It is another object of the present 
invention to provide an optical scanning device of 



simple structure and an image forming apparatus 
using the same, by which the scan line bending can 
be stably kept very small, without restriction of 
disposition of an optical element such as a 
bending mirror, for example. 

It is a further object of the present 
invention to provide a color image forming 
apparatus which comprises one or more optical 
scanning devices being arranged to stably keep the 
scan line bending very small, to assure that a 
superior image without color displacement is 
obtained stably. 

In accordance with a first aspect of 
the present invention, to achieve at least one of 
the objects described above, there is provided an 
optical scanning device, comprising: light source 
means; deflecting means for deflecting a light 
beam emitted from said light source means; and a 
scanning optical system for scanning a surface to 
be scanned, with the light beam deflected by said 
deflecting means; wherein said scanning optical 
system includes a scanning optical element 
disposed so that, with respect to a sub-scan 
direction, a principal ray of the deflected light 
beam passes a portion other than an optical axis, 
wherein said scanning optical element has a 
sagittal aspherical amount changing surface in 



which an aspherical amount of a sagittal changes 
along a main scan direction of said scanning 
optical element, and wherein, throughout the whole 
surface to be scanned, the position in the sub- 
scan direction upon which the deflected light beam 
impinges is made even. 

In one preferred form of this aspect of 
the present invention, the scanning optical system 
is arranged so that, within an effective scan 
range upon the surface to be scanned, an amount of 
deviation of the position in the sub-scan 
direction upon which the deflected light beam 
impinges is held to be not greater than 10 ym. 

The light beam emitted from said light 
source means may be incident on a plane, 
perpendicular to a rotational axis of said 
deflecting means, with a certain angle defined 
thereto . 

In the sub-scan direction, the position 
on the surface to be scanned, upon which a 
principal ray of the deflected light beam impinges, 
may be made closer to the optical axis of said 
scanning optical system, as compared with the 
position where the principal ray passes through 
the surface of said scanning optical element which 
surface has a largest power. 

The scanning optical system may have 
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one or more sagittal curvature radius changing 
surfaces in which a sagittal curvature radius 
changes along the main scan direction of said 
scanning optical system. 
5 The scanning optical system may consist 

of a single scanning optical element. 

The scanning optical system may have a 
power in the sub-scan direction which is equal to 
or approximately equal to a power of said sagittal 

10 aspherical amount changing surface. 

Where the power of said scanning 
optical system in the sub-scan direction is 0 S o 
and the power of said sagittal aspherical amount 
changing surface in the sub-scan direction is 0 s i, 

15 a relation 0 . 9x0 so <0 s i<l . Ix0 so may be satisfied. 

The light source means may emit two or 
more light beams, and, within the sub-scan 
sectional plane, a principal ray of at least one 
light beam may pass an upper side with respect to 

20 the optical axis of said scanning optical system 
while a principal ray of at least one different 
light beam may pass a lower side with respect to 
the optical axis of said scanning optical system. 

The deflecting means may deflect plural 

25 light beams, said scanning optical system may 

include a plurality of scanning optical elements 
for imaging the light beams deflected by said 
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deflecting means, upon a plurality of surfaces to 
be scanned, which surfaces correspond to the light 
beams, respectively, and said deflecting means may 
be shared by plural scanning optical systems. 
5 Where, within the main scan sectional 

plane, an air-converted distance from said 
deflecting means to a light exit surface of said 
scanning optical element along the optical axis is 
PI, a distance from the light exit surface of said 

10 scanning optical element to the surface to be 

scanned is P2 , an air-converted distance from said 
deflecting means, being out of the axis, to the 
light exit surface of said scanning optical 
element is Ml, and a distance from the light exit 

15 surface of said scanning optical element to the 
surface to be scanned is M2 , the following 
relation may be satisfied: 

no P2 M2 , . P2 

0.9 x is ^ 1.1 x 

PI Ml P\ 

In accordance with a second aspect of 
20 the present invention, there is provided an image 
forming apparatus, comprising: an optical scanning 
device as recited in relation to the first aspect; 
a photosensitive member disposed at a position of 
the surface to be scanned as aforesaid; a 
25 developing device for developing an electrostatic 
latent image formed on said photosensitive member 
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with a light beam scanned with said optical 
scanning device, to produce a toner image; a 
transfer device for transferring the developed 
toner image to a transfer material; and a fixing 
5 device for fixing the transferred toner image on 
the transfer material . 

In accordance with a third aspect of 
the present invention, there is provided an image 
forming apparatus, comprising: an optical scanning 

10 device as recited in relation to the first aspect; 
and a printer controller for converting code data, 
inputted from an external equipment, into an 
imagewise signal and for applying the imagewise 
signal to said optical scanning device. 

15 In accordance with a fourth aspect of 

the present invention, there is provided a color 
image forming apparatus, comprising: at least one 
optical scanning device as recited in relation to 
the first aspect; and a plurality of image bearing 

20 members on which images of different colors are to 
be formed. 

In one preferred form of this aspect of 
the present invention, the apparatus further 
comprises a printer controller for converting a 
25 color signal, inputted from an external equipment, 
into imagewise data of different colors and for 
applying the imagewise data to corresponding 
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optical scanning devices, respectively. 

In accordance with a fifth aspect of 
the present invention, there is provided an 
optical scanning device, comprising: light source 
5 means; deflecting means for deflecting a light 
beam emitted from said light source means; and a 
scanning optical system for scanning a surface to 
be scanned, with the light beam deflected by said 
deflecting means; wherein said scanning optical 

10 system includes a scanning optical element 

arranged so that, upon the surface to be scanned 
and with respect to a sub-scan direction, imaging 
positions of two light beams being obliquely 
incident on a plane, perpendicular to a rotational 

15 axis of said deflecting means, with certain 
oblique incidence angles y and y f (0^y<Y' ) f 
respectively, are approximately registered with 
each other. 

In one preferred form of this aspect of 
20 the present invention, the scanning optical 

element has an optical function with which, within 
an effective scan range upon the surface to be 
scanned, an amount of deviation of the position in 
the sub-scan direction upon which the two light 
25 beams impinge can be held to be not greater than 
10 ]im . 

The scanning optical element may be 
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arranged so that, where a focal length of said 
scanning optical system in the sub-scan direction 
is f s , the spherical aberration in the sub-scan 
direction is not greater than 0.05fs, throughout 
5 the whole region where the oblique incidence angle 
of the light beam is not greater than y. 

The scanning optical element may be 
disposed so that, with respect to the sub-scan 
direction, a principal ray of the light beam 

10 deflected by said deflecting means passes a 
portion other than an optical axis, and said 
scanning optical element may have a sagittal 
aspherical amount changing surface in which an 
aspherical amount of a sagittal changes along a 

15 main scan direction of said scanning optical 
element . 

The scanning optical element may be 
disposed so that, with respect to the sub-scan 
direction, a principal ray of the light beam 

20 reflectively deflected by said deflecting means 
passes a portion other than an optical axis, and 
the scanning optical element may have a 
diffracting portion having an aspherical surface 
function in the sub-scan direction. 

25 The scanning optical element may have 

one or more sagittal curvature radius changing 
surfaces in which a sagittal curvature radius 
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changes along the main scan direction of said 
scanning optical element. 

The scanning optical system may consist 
of a single scanning optical element. 
5 The scanning optical system may have a 

refractive power in the sub-scan direction which 
is equal to or approximately equal to a refractive 
power of said sagittal aspherical amount changing 
surface . 

10 Where the power of said scanning 

optical system in the sub-scan direction is 0 SO 
and the power of said sagittal aspherical amount 
changing surface in the sub-scan direction is 0 s ±r 
a relation 0 . 9x0 so <0 s i<l . Ix0 so may be satisfied. 

15 The scanning optical element may be 

disposed so that, in the sub-scan direction, a 
principal ray of the light beam reflectively 
deflected by said deflecting means passes a 
portion other than an optical axis, and, through 

20 bending of plural surfaces of said scanning 

optical element, spherical aberration in the sub- 
scan direction may be corrected throughout the 
whole region where the oblique incidence angle is 
not greater than y 

2 5 The light source means may emit two or 

more light beams, and, within the sub-scan 
sectional plane,, a principal ray of at least one 
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light beam may pass an upper side with respect to 
the optical axis of said scanning optical element 
while a principal ray of another light beam may 
pass a lower side with respect to the optical axis 
5 of said scanning optical element. 

The deflecting means may deflect plural 
light beams, said scanning optical system may 
include a plurality of scanning optical elements 
for imaging the light beams deflected by said 

10 deflecting means, upon a plurality of surfaces to 
be scanned, which surfaces correspond to the light 
beams, respectively, and said deflecting means may 
be shared by plural scanning optical systems. 

The oblique incidence angle y may 

15 satisfy a relation 0°<y<10°. 

Where, within the main scan sectional 
plane, an air-converted distance from said 
deflecting means to a light exit surface of said 
scanning optical element along the optical axis is 

20 PI, a distance from the light exit surface of said 
scanning optical element to the surface to be 
scanned is P2 , an air-converted distance from said 
deflecting means, being out of the axis, to the 
light exit surface of said scanning optical 

25 element is Ml, and a distance from the light exit 
surface of said scanning optical element to the 
surface to be scanned is M2 , the following 
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relation may be satisfied: 

0.9 x — =s sl.lx — 

PI Ml PI 

In accordance with a sixth aspect of 
the present invention, there is provided an image 
5 forming apparatus, comprising: an optical scanning 
device as recited in relation to the fifth aspect; 
a photosensitive member disposed at a position of 
the surface to be scanned as aforesaid; a 
developing device for developing an electrostatic 

10 latent image formed on said photosensitive member 
with a light beam scanned with said optical 
scanning device, to produce a toner image; a 
transfer device for transferring the developed 
toner image to a transfer material; and a fixing 

15 device for fixing the transferred toner image on 
the transfer material . 

In accordance with a seventh aspect of 
the present invention, there is provided an image 
forming apparatus, comprising: an optical scanning 

20 device as recited in relation to the fifth aspect; 
and a printer controller for converting code data, 
inputted from an external equipment, into an 
imagewise signal and for applying the imagewise 
signal to said optical scanning device, 

25 In accordance with an eighth aspect of 

the present invention, there is provided a color 
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image forming apparatus, comprising: at least one 
optical scanning device as recited in relation to 
the fifth aspect; and a plurality of image bearing 
members each being disposed at a position of the 
5 surface to be scanned with said optical scanning 
device, for bearing images of different colors to 
be formed thereon. 

In one preferred form of this aspect of 
the present invention, the apparatus further 

10 comprises a printer controller for converting a 

color signal, inputted from an external equipment, 
into imagewise data of different colors and for 
applying the imagewise data to corresponding 
optical scanning devices, respectively. 

15 In accordance with a ninth aspect of 

the present invention, there is provided an 
optical scanning device, comprising: light source 
means; deflecting means; and optical scanning 
means; wherein a plurality of light beams from 

20 said light source mans are directed to said 

deflecting means, and the plurality of light beams 
from said deflecting means are directed to 
corresponding surfaces, to be scanned, 
respectively, by said optical scanning means, and 

25 wherein said optical scanning means includes a 
single scanning optical element having an 
anamorphic surface, and said scanning optical 
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element has, within a main scan sectional plane, 
one surface which is an aspherical surface. 

In one preferred form of this aspect of 
the present invention, in a sub-scan sectional 
5 plane, the plurality of light beams are obliquely 
incident upon a deflection surface of said 
deflecting means. 

At least one surface of said scanning 
optical element may have an aspherical surface 
10 function with respect to the sub-scan direction. 

The scanning optical element may 
function to direct the plurality of light beams 
from said deflecting means to the surfaces to be 
scanned , respectively . 
15 One aspherical surface, in the main 

scan sectional plane, of said scanning optical 
element may be the surface placed at the light 
entrance side . 

The aspherical surface shape of the one 
20 aspherical surface, in the main scan sectional 

plane, of said scanning optical element may have 
no inflection point in the curvature change. 

The scanning optical element may be an 
element made through plastic molding. 
2 5 The light source means may comprise a 

multi-beam laser. 

Where the power of said scanning 
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optical element in the sub-scan direction is 0 S o 
and the power of a light exit surface of said 
scanning optical element in the sub-scan direction 
is 0 s i, a relation 0 . 9x0 so <0 s i<l . Ix0 so may be 
5 satisfied. 

Where an air- converted distance from 
said deflecting means to a light exit surface of 
said scanning optical element along the optical 
axis is PI, a distance from the light exit surface 

10 of said scanning optical element to the surface to 
be scanned is P2 , an air-converted distance from 
said deflecting means, being out of the axis, to 
the light exit surface of said scanning optical 
element is Ml, and a distance from the light exit 

15 surface of said scanning optical element to the 
surface to be scanned is M2 , the following 
relation may be satisfied: 

nQ P2 M2 . 1 P2 
0.9 x <> <sl.lx 

PI Ml P\ 

Within the sub-scan sectional plane, 
20 the light entrance surface of said scanning 
optical element may have a plane shape. 

In accordance with a tenth aspect of 
the present invention, there is provided an image 
forming apparatus, comprising: an optical scanning 
25 device as recited in relation to the ninth aspect; 
a photosensitive member disposed at a position of 
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the surface to be scanned as aforesaid; a 
developing device for developing an electrostatic 
latent image formed on said photosensitive member 
with a light beam scanned with said optical 
5 scanning device, to produce a toner image; a 
transfer device for transferring the developed 
toner image to a transfer material; and a fixing 
device for fixing the transferred toner image on 
the transfer material . 

10 In accordance with an eleventh aspect 

of the present invention, there is provided an 
image forming apparatus, comprising: an optical 
scanning device as recited in relation to the 
ninth aspect; and a printer controller for 

15 converting code data, inputted from an external 
equipment, into an imagewise signal and for 
applying the imagewise signal to said optical 
scanning device. 

In accordance with a twelfth aspect of 

20 the present invention, there is provided a color 
image forming apparatus, comprising: at least one 
optical scanning device as recited in relation to 
the ninth aspect; wherein the or each optical 
scanning device functions to record imagewise 

25 information in relation to corresponding one of 

photosensitive members, corresponding to different 
colors , respectively . 
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These and other objects, features and 
advantages of the present invention will become 
more apparent upon a consideration of the 
following description of the preferred embodiments 
5 of the present invention taken in conjunction with 
the accompanying drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1A is a main-scan sectional view 
10 in a first embodiment of the present invention. 

Figure IB illustrates a sub-scan 
sectional view in the first embodiment of the 
present invention . 

Figure 2 is a schematic view of a main 
15 portion along the sub-scan direction, in the first 
embodiment of the present invention. 

Figure 3 illustrates the sagittal 
aspherical amount in the first embodiment of the 
present invention . 
20 Figure 4 illustrates the sagittal 

aspherical amount in the first embodiment of the 
present invention . 

Figure 5 illustrates the sagittal 
aspherical amount in the first embodiment of the 
25 present invention. 

Figure 6 is a schematic view for 
explaining the surface details in the first 
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embodiment of the present invention. 

Figure 7 is a schematic view for 
explaining a change in the sagittal aspherical 
amount of the surface, in the first embodiment of 
5 the present invention. 

Figure 8 is a schematic view for 
explaining a change in the sagittal aspherical 
amount of the surface, in the first embodiment of 
the present invention. 
10 Figures 9A and 9B are graphs, 

respectively , for explaining aberrations in the 
first embodiment of the present invention. 

Figures 10A and 10B are graphs, 
respectively, for explaining the irradiated 
15 position and the scan line bending, in the first 
embodiment of the present invention. 

Figure 11 is a schematic view for 
explaining the meridional shape in the first 
embodiment of the present invention. 
20 Figure 12A is a schematic view of a 

main portion along the sub-scan direction, in a 
second embodiment of the present invention. 

Figure 12B is a schematic view of a 
main portion along the sub-scan direction, in a 
2 5 second embodiment of the present invention. 

Figure 13 illustrates the sagittal 
aspherical amount in the second embodiment of the 
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present invention . 

Figure 14 illustrates the sagittal 
aspherical amount in the second embodiment of the 
present invention . 

Figure 15 illustrates the sagittal 
aspherical amount in the second embodiment of the 
present invention . 

Figures 16A and 16B are graphs, 
respectively, for explaining the irradiated 
position and the scan line bending, in the first 
embodiment of the present invention. 

Figure 17A is a main-scan sectional 
view in a third embodiment of the present 
invention . 

Figure 17B is a sub-scan sectional view 
in the third embodiment of the present invention. 

Figure 18 is a schematic view of a main 
portion of an image forming apparatus according to 
the present invention. 

Figure 19 is a schematic view of a main 
portion of a color image forming apparatus 
according to the present invention. 

Figure 20 is a perspective view of a 
conventional optical scanning device. 

Figures 21A and 21B are graphs, 
respectively, for explaining spherical aberration 
of the second embodiment of the present invention, 
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in relation to a comparative example. 

Figures 22A and 22B are graphs, 
respectively, for explaining aberrations of the 
second embodiment of the present invention. 

5 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred embodiments of the present 
invention will now be described with reference to 
the attached drawings . 

10 

[ Embodiment 1 ] 

Figure 1A is a sectional view (main- 
scan sectional view) of a main portion of an 
optical scanning device in a main scan direction, 

15 according to a first embodiment of the present 
invention. Figure IB is a sectional view (sub- 
scan sectional view) of the main portion of the 
optical scanning device in the first embodiment. 

Here, the term "main scan direction" 

20 refers to a direction perpendicular to a 

rotational axis of deflecting means and an optical 
axis of a scanning optical element (i.e., a 
direction in which a light beam is reflectively 
deflected (def lectively scanned) by the deflecting 

25 means) . The term "sub-scan" refers to a direction 
parallel to the rotational axis of the deflecting 
means. The term "main-scan sectional plane" 
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refers to a plane which contains the optical axis 
of* the scanning optical system. The term "sub- 
scan sectional plane" refers to a sectional plane 
perpendicular to the main-scan sectional plane. 
5 In Figures 1A and IB, denoted at 1 is a 

semiconductor laser which is light source means. 
One or more divergent lights from the 
semiconductor laser 1 are transformed by a 
collimator lens 2 into parallel light beams or 
10 approximately parallel light beams, which may be 
convergent beams or divergent beams) . 

Subsequently, a stop 3 restricts the beam diameter 
to provide a desired spot diameter. Denoted at 4 
is a cylindrical lens having a refractive power 

15 only in the sub-scan direction. If functions to 

image the light, adjacent a deflection surface 5a 
of deflecting means 5 (to be described later) , as 
a linear image extending in a direction parallel 
to the main-scan sectional plane. Denoted at 5 is 

20 said deflecting means which comprises a polygon 
mirror (rotational polygonal mirror) having four 
faces, for example (it may have more than four 
faces) . The polygon mirror 5 rotates in a 
direction of an arrow A, at a constant speed. 

25 Denoted at 6 is a scanning optical 

system which comprises a single scanning optical 
element (f-0 lens) having an f-0 characteristic. 
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If functions to image the deflected light beam, 
reflectively deflected by the deflecting means 5, 
upon the surface of a photosensitive drum 
(photosensitive member) 8 which is the surface to 
5 be scanned. Also, it serves to correct the 

surface tilt of the deflection surface 5a of the 
deflecting means 5. Hereinafter, the scanning 
optical system 6 will be referred to also as a 
scanning optical element. More specifically, the 

10 deflected light beam reflectively deflected by the 
deflection surface 5a of the deflecting means 5 is 
directed through the scanning optical system 6 
onto the photosensitive drum surface 8. By 
rotating the polygon mirror 5 in the direction of 

15 an arrow A, the photosensitive drum surface 8 is 

optically scanning in the direction of an arrow B. 
In this manner, scan lines are defined on the 
photosensitive drum surface, whereby imagewise 
recording is carried out. 

20 As shown in Figure IB, in the first 

embodiment, the light beam emitted from the light 
source means 1 is projected upon the deflection 
surface 5a, from obliquely below at an angle y 
with respect to the sub-scan direction, and the 

25 light is incident on the scanning optical element 
6 which is single element made of glass or 
synthetic resin. The scanning optical element 6 
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serves to image the deflected light beam upon the 
surface 8 to be scanned, as a spot. 

Table 1 below shows optical disposition 
of optical components in the first embodiment. 

5 

TABLE 1 



SURFACE 


SPACING 


POSITION 


POLYGON DEFLECTION SURFACE 


51 . 45mm 


0 . 00mm 


F-0 LENS ENTRANCE SURFACE 


17 . 90mm 


51.45. mm 


F-9 LENS EXIT SURFACE 


147 . 28mm 


69 . 35mm 


SURFACE TO BE SCANNED 




216. 6 3mm 



Table 2 below shows the shapes of the 
10 entrance surface and exit surface of the scanning 
optical element 6 in the first embodiment. 
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Figure 2 is a sub -scan sectional view 
in which the optical path of the optical system of 
the optical scanning device according to the first 
embodiment is exploded . 
5 As shown in Figures IB and 2, in the 

first embodiment, the light beam emitted from the 
light source means 1 is projected upon the 
deflection surface 5a from obliquely below, at an 
angle y with respect to the sub-scan direction, 

10 and the light is incident on the scanning optical 
element 6 which is single element made of glass or 
synthetic resin. The scanning optical element 6 
has an anamorphic surface and serves to image the 
deflected light beam upon the surface 8 to be 

15 scanned, as a spot or substantially as a spot. 

Figure 6 illustrates the notion of the 
scanning optical element 6 used in the first 
embodiment . 

The shape of meridional of each of the 
20 light entrance surface 6a and light exit surface 

6b of the scanning optical element 6 is defined by 
an aspherical surface shape as can be expressed by 
a function up to 10th order. For example, as 
shown in Figure 6, it is assumed that the point of 
25 intersection between the scanning optical element 

6 and the optical axis La is taken as an origin Ol , 
the optical axis direction is taken as an X axis, 
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the axis being orthogonal to the optical axis La 
within the main-scan sectional plane (X-Y plane) 
is taken as a Y axis, and a direction orthogonal 
to the X-Y plane is taken as a Z axis . In that 
occasion, the shape of meridional Xa in the 
meridional direction corresponding to the main 
scan direction (Y direction) can be expressed by 
the following equation: 

XL 

Xa= r - JL +B4XY 4 +B6XY* + B8XY li + B10XY 10 • • • (a) 



1 + 



ho 



10 where R is the curvature radius of meridional, and 

K, B4, B6, B8, BIO, B12 , B14 and B16 are 

aspherical coefficients . 

Also, the shape of sagittal S in the 

sagittal direction corresponding to the sub-scan 
15 direction ca be expressed by the following 

equation : 



7S_ 
Rs 1 



(b) 



i + 



where S is the sagittal shape as defined within a 
plane which contains a normal to the meridional at 
20 each position Y in the meridional direction and 

which is perpendicular to the main-scan sectional 
plane (X-Y plane) . 
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Here, the curvature radius (sagittal 
curvature radius) Rs* in the sub-scan direction at 
a position Y which is spaced from the optical axis 
La by a distance Y and in the main-scan direction, 
5 can be expressed by the following equation: 

/fr* = /&x(l + Z>2XF 2 +D4XY A +Z)6Xy 6 + £>8Xy 8 + £>10Xy 10 ) 

where Rs is the sagittal curvature radius on the 
optical axis La, and D2 , D4 , D6, D8 and D10 are 
sagittal change coefficients. It is the surface 

10 wherein the following value X is added to equation 
(a) above, as an aspherical component in the 
sagittal direction : 

X = <C1 + C2Y 2 + C3Y 4 ) Z 4 

Although in the first embodiment the 

15 surface shape is defined by equations mentioned 

above, the present invention is not limited to use 
of the aforementioned equations, but any other 
equation that can describe the aspherical 
components in the sagittal direction may be used. 

20 Further, each surface of the scanning 

optical element 6 in the first embodiment does not 
provide shift or tilt in the sub-scan direction. 
The position Sal where the deflected light beam to 
be directed toward an end portion of the surface 8 

25 to be scanned is reflectively deflected by the 

deflection surface 5a of the polygon mirror 5, is 
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set at the same height as the optical axis La of 
the scanning optical element 6. 

As shown in Table 2, the entrance 
surface 6a of the scanning optical system 6 
5 comprises a cylindrical surface having a power 

only in the main scan direction, wherein the shape 
of meridional is aspherical surface shape (non- 
arcuate shape) while the shape of sagittal is 
plane (straight line) . The exit surface 6b of the 

10 scanning optical system 6 comprises a sagittal 
curvature radius changing surface wherein the 
shape of meridional is arcuate while the shape of 
sagittal is that, along the meridional direction, 
the curvature radius continuously changes as 

15 becoming apart from the optical axis. Also, the 
exist surface is defined by a sagittal curvature 
radius changing surface wherein it has an arcuate 
shape on the optical axis but has an aspherical 
surface shape (non-arcuate shape) at a portion off 

20 the optical axis and wherein, along the meridional 
direction, the aspherical amount changes as 
becoming apart from the optical axis. 

Further, as regards the aspherical 
shape of the aspherical surface of the scanning 

25 optical element 6 within the main-scan sectional 
plane, it is defined by a shape having no 
inflection point in the curvature change. 
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Next, the schematic view of Figure 2 
for the optical scanning device of the first 
embodiment, with respect to the sub-scan direction, 
will be explained. 
5 In the first embodiment, a light beam 

Li emitted from the light source means 1 is 
incident upon the deflection surface 5a of the 
deflecting means 5, with an angle y = 3 (deg) in 
the sub-scan direction, with respect to the main- 

10 scan sectional plane. Also, the deflected light 
beam Ld reflected by the deflection surface 5a is 
incident upon the scanning optical element 6, with 
an angle y = 3 (deg) in the sub-scan direction, 
with respect to the main-scan sectional plane. 

15 Therefore, the position where a principal ray 

(dash-and-dot line) of the deflected light beam Ld 
arrives at and passes the entrance surface 6a and 
exit surface 6b is wide apart from the sagittal 
optical axis (or meridional) La. The passing 

20 positions Za and Zb upon the lens surfaces and the 
distance Zi en s from the optical axis La are above 
the meridional position (Zi en s=0) / and thus it 
means Ziens»0 . 

In the first embodiment, the distance 

25 Ziens of the position Za in the sub-scan direction 
where the deflected light beam Ld impinges on the 
entrance surface 6a of the scanning optical 
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element 6 is Ziens = 2.73 nun, while the distance 
Ziens of the position Zb where the light arrives at 
the exit surface 6b is Ziens = 3.34 mm. 

The deflected light beam Ld passed 
5 through the scanning optical element 6 is imaged 
upon the surface 8 to be scanned, as a spot, by 
means of the light collecting function of the 
scanning optical element 6. 

As described, where the principal ray 

10 of the deflected light beam Ld passes a position 
away from the meridional (or sagittal optical 
axis) La, the light beam passed through the 
scanning optical element 6 is deflected downwardly 
by means of the power (refractive power) of the 

1 5 lens . 

In that occasion, if the structure 
setting of the scanning optical system 6 is 
inappropriate, the light intersects with the 
optical axis La before it reaches the surface 8 to 

20 be scanned, such that, upon the surface 8 to be 

scanned, it impinges on a position below the main- 
scan sectional plane. Here, the position in the 
sub-scan direction where the deflected light beam 
Ld impinges on the surface 8 to be scanned, will 

25 be referred to as "irradiated position Zo", while 
the distance from the optical axis La will be 
referred to as "Zi mage " . 



- 37 - 



Here, the position in the sub-scan 
direction of the deflected light beam Ld impinging 
on the entrance surface 6a and exit surface 6b of 
the scanning optical system 6 as well as the power 
5 (refractive power) being influential to deflect 
the deflected light beam Ld downwardly, are 
different with the image height. Because of this, 
there arises a problem that the distance Zi ma ge of 
the irradiated position Zo does not become even, 

10 such that what is called "scan line bending" 
results therefrom. 

In order to solve this problem, in the 
optical scanning device according to the first 
embodiment, the exit surface 6b of the scanning 

15 optical element 6 which is a single element 
constituting the scanning optical system, is 
provided by a sagittal aspherical amount changing 
surface as defined by the sagittal shape S of 
aforementioned equation (b) and the numerical 

2 0 values of Figure 6. Here, the term "sagittal 

aspherical amount changing surface" refers to a 
surface in which, along the meridional direction 
of the lens surface, the aspherical amount AXz of 
sagittal changes as becoming apart from the 

25 optical axis La of the lens surface. 

Here, the term "sagittal aspherical 
amount AXz" refers to the amount AXz , as shown in 
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Figure 6, through which , at a certain position 

Ziens (Ziens^Omm) in the sub-scan direction other 
than upon the meridional (other than on the 

o 

sagittal optical axis) , the lens surface displaces 
5 from the base sagittal curvature radius Rs*. The 
recitation "the sagittal aspherical amount AXz 
changes" means that the sagittal aspherical amount 

AXz at the same position Ziens (Ziens^Omm) in the 
sub-scan direction changes with the position Y in 

10 the meridional direction. Namely, it means a 
state dAXz/dY^O. 

Figure 3 shows how the sagittal 
aspherical amount AXz of the exit surface 6b of 
the scanning optical element 6, in the first 

15 embodiment, changes. Figure 4 illustrates how the 
sagittal aspherical amount AXz at a distance Z 
from the sagittal optical axis changes along the 
meridional direction (Y value), that is, the 
sagittal aspherical amount AXz at the position ZRa 

20 in Figure 7. Figure 5 illustrates how the 

sagittal aspherical amount AXz at a distance Y 
along the meridional direction from the optical 
axis La of the exit surface 6b, changes in the 
sub-scan direction (Z direction), that is, the 

25 sagittal aspherical amount AXz at the position YRa 
in Figure 8 . 

In the first embodiment, the sagittal 
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shape of the exit surface 6b on the optical axis 
La is made arcuate and, in a portion apart from 
the optical axis La in the meridional direction, 
the sagittal shape is made non-arcuate 
5 (aspherical ) . Furthermore, as shown in Figure 4, 
the exit surface 6b is defined as such sagittal 
aspherical amount changing surface that: in the 
meridional direction, the aspherical amount AXz of 
sagittal gradually increases from zero as becoming 

10 apart from the optical axis La and, after a peak 
value in the course, it gradually decreases. 

Also, as shown in Figure 5, the 
sagittal aspherical amount is so added that, in a 
portion of the exit surface 6b off the optical 

15 axis La, it gradually increases as becoming apart 
from the sagittal optical axis La in the sub-scan 
direction. Here, positive sign means displacement 
from the base arcuate shape toward the surface to 
be scanned. 

20 The sagittal aspherical amount changing 

surface is such that, as becoming apart from the 
optical axis La on the exit surface 6b in the 
meridional direction, the sagittal aspherical 
power gradually decreases from zero and, in a 

25 portion of the exit surface 6b off the optical 

axis La, the sagittal aspherical power gradually 
decreases as becoming apart from the sagittal 
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optical axis La in the sub-scan direction. 

Further, the sagittal aspherical power 
being added is a very small power, as being about 
1/100 of the base arcuate shape, and the sagittal 
5 aspherical surface is effective only to correction 
of scan line bending, without substantial 
contribution to field curvature in the sub-scan 
direction . 

Figures 9A and 9B show aberrations in 

10 the first embodiment. 

The curvature of field in the main scan 
direction is within a range of ±0.6 mm, and the 
field curvature in the sub-scan direction is 
within a range of ±0.3 mm. Thus, they are well 

15 corrected. Also, distortion aberration (f-9 

characteristic) is within a range of ±0.3% and 
image height deviation is within a range of ±0.08 
mm, and they are well corrected. 

Thus, separately from correction of the 

20 field curvature in the sub-scan direction on the 

basis of the light collecting function as provided 
by the base arcuate shape, controlling the 
irradiated position on the surface to be scanned, 
through the aspherical effect thereof, is enabled. 

25 Due to its aspherical surface effect, the 

irradiated position Z oa of the deflected light, 
being directed to different image heights, can be 
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made even in registration with the irradiated 
position Zo at the center image height. Namely/ 
the field curvature in the sub-scan direction and 
the scan line bending can be corrected 
5 independently of each other. Regarding 
registration, more specifically, it is 
accomplished with a positional deviation in the 
sub-scan direction of not greater than 10 pm, 
preferably, not greater than 5 pm. 

10 Figures 10A and 10B show the irradiated 

position and scan line bending in an optical 
scanning device according to the first embodiment, 
in comparison with those of a comparative example. 
The optical scanning device of the comparative 

15 example had a scanning optical system without the 
aspherical surface effect of the first embodiment. 
The scan line bending is defined by deviations in 
the irradiated position between the center image 
height and other image heights. 

2 0 As seen from Figures 10A and 10B, the 

irradiated position at the center image height 
corresponding to the optical axis of the scanning 
optical system 6 is, in both of the first 
embodiment and the comparative example, Zi mage = 

25 0.1819 mm, and this position is above the sagittal 
optical axis. 

In the comparative example, as compared 



- 42 - 



with the center image height, the irradiated 
position at an end portion image height is 
displaced downwardly, and scan line bending of 11 
]im is produced. In the first embodiment as 
5 compared therewith, the irradiated positions at 
different image heights are made even, and scan 
line bending is corrected to a sufficiently small 
amount of 5.0 pm. 

It is seen from the above that, by 

10 changing the sagittal aspherical amount AXz as 
becoming apart from the optical axis La in the 
meridional direction, the irradiated position at 
each image height can be made even and the scan 
line bending can be improved remarkably. 

15 Further, in the optical scanning device 

according to the first embodiment, since the 
irradiated position Zo upon the surface 8 to be 
scanned is made closer to the sagittal optical 
axis La as compared with the position Za or Zb , in 

20 the sub-scan direction, where the deflected light 
beam Ld reaches the entrance surface 6a or exit 
surface 6b of the scanning optical system 6, the 
scan line bending can be corrected more 
satisfactorily. 

25 Next, single scanning optical element 6 

which constitutes the scanning optical system of 
the first embodiment will be described. The 
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entrance surface 6a is a cylindrical surface 
having a power only in the main scan direction. 
The exit surface 6b is a sagittal curvature radius 
changing surface wherein the meridional has an 
5 arcuate shape while the sagittal has a convex 
shape and wherein the absolute value of the 
curvature radius gradually increases as becoming 
apart from the optical axis in the meridional 
direction. Further, on both left and right sides 

10 of the main scan direction, sandwiching the 

optical axis of the scanning optical system 6, the 
sagittal curvature radius changes asymmetrically. 
As described above, the total power (refractive 
power) of the scanning optical system 6 in the 

15 sub-scan direction is concentrated to the exit 
surface 6b. 

More specifically, 90% or more of the 
total power is concentrated. Namely, where the 
power of the scanning optical system 6 in the sub- 
20 scan direction is 0 SO and the power of the 

sagittal aspherical amount changing surface in the 
sub-scan direction is 0 S ±, the structure is 
arranged to satisfy the following relation: 

0 . 9x<0 so <0 si <l . lX0 so 

25 Figure 11 is a schematic view of a main 

portion of the first embodiment in the main scan 
direction . 
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The meridional shape of the exit 
surface 6b shown in Figure 11 is arcuate, with 
such shape that: if the distance, along the 
optical axis of the scanning optical system 6, 
5 from the position in the main scan direction where 
the deflected light beam is deflected by the 
deflection surface 5a to the position where the 
deflected light beam reaches the exit surface 6b 
is PI and the distance from the position where the 

10 deflected light beam reaches the exit surface 6b 

to the position where it impinges on the surface 8 
to be scanned is P2 , in regard to light paths of 
deflected light beams directed to all the image 
heights on the surface 8 to be scanned the ratio 

15 P2/P1 between them becomes approximately constant 
(P2/P2=Const) or, alternatively, it becomes within 
a range of ±10% from a certain value. For example, 
in regard to the case of the light path for a 
deflected light beam Ld being directed to an end 

20 portion Ip of the image height, if the distance 
from the position where the deflected light beam 
Ld is reflected by the deflection surface 5a to 
the position where the deflected light beam Ld 
reaches the exit surface 6b is Ml and the distance 

25 from the position where the deflected light beam 
Ld reaches the exit surface 6b to the position 
where it reaches the surface 8 to be scanned is M2 , 



- 45 - 



the meridional shape is so determined that the 
ratio M2/M1 between them becomes approximately 
equal to P2/P1 (M2/M1*P2/P1 , more specifically, to 
be within the range of ±10%) . Namely, it is 
5 determined to satisfy: 

nrx P2 M2 , , P2 
0.9 x — s sl.lx 

PI Ml P\ 

Although in the first embodiment the 
total power (refractive power) of the scanning 
optical system 6 in the sub-scan direction is 

10 concentrated to the exit surface 6b, both of 
making the field curvature in the sub-scan 
direction even through the meridional shape 
described hereinbefore and making the lateral 
magnification (sub-scan magnification) (3s in the 

15 sub-scan direction even at an approximately 

constant value can be accomplished consistently. 
The sub-scan magnification of the scanning optical 
system 6 in the first embodiment is £s = -2.31x. 

With this arrangement, even if the 

20 scanning optical element 6 is shifted or tilted in 
the sub-scan direction due to a manufacturing 
error or assembling error, for example, to produce 
eccentricity in the sub-scan direction, the design 
(initial) performance in regard to scan line 

2 5 bending can be maintained. 

Namely, in accordance with the optical 
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scanning device of the first embodiment, scan line 
bending can be corrected satisfactorily throughout 
the whole image height on the surface 8 to be 
scanned, and additionally, even if there occurs 
5 any eccentricity of the scanning optical element 6 
in the sub-scan direction, superior scan line 
bending performance can be held constantly. 
Therefore, the first embodiment provides an 
optical scanning device by which scan line bending 

10 can be corrected stably and high-quality images 
are obtained constantly. 

The first embodiment concerns an 
example in which a light beam emitted from light 
source means 1 is projected upon the deflecting 

15 means at an oblique incidence angle y with respect 
to the main-scan sectional plane and in which the 
position where a deflected light beam to be 
directed to an end portion of the surface 8 to be 
scanned is reflectively deflected by the 

20 deflecting surface 5a of the polygon mirror 5 is 
made at the same level as the optical axis of the 
scanning optical system 6. However, the invention 
is not limited to this example. As an alternative 
example, the positions where the deflected light 

25 beam to be directed to all the image heights is 
reflectively deflected by the deflecting surface 
5a may be defined above the optical axis. 
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Advantageous results of the present invention are 
still well available in that occasion. 

Further, although the first embodiment 
concerns an optical scanning device in which a 
5 single light beam is optically scanned, the 

invention is not limited to it. Substantially the 
same advantageous effects are attainable in a 
multi-beam type optical scanning device in which 
two, three, four or more light beams are optically 

10 scanned simultaneously. 

Furthermore, although the first 
embodiment relates to an example wherein the 
scanning optical system is provided by a single 
scanning optical element, the invention is not 

15 limited to it. The scanning optical system may 
comprise plural optical components such as 
scanning optical elements or imaging mirrors. At 
least one surface of such scanning optical 
elements may be made into a sagittal aspherical 

20 amount changing surface and, by which, scan line 
bending can be corrected satisfactorily. 

It should be noted that in the first 
embodiment the entrance surface and/or the exit 
surface of the scanning optical element may be 

25 formed with diffraction means to provide a similar 
aspherical surface function as described 
hereinbefore . 
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[ Embodiment 2 ] 

Figures 12A and 12B are schematic views, 
respectively, along a sub-scan sectional plane of 
5 an optical scanning device according to a second 
embodiment of the present invention. 

The second embodiment differs from the 
first embodiment in that the sagittal aspherical 
amount of the exit surface 6b of the scanning 
10 optical element 6 is changed. 

Table 3 below shows the shapes of the 
entrance surface 6a and exit surface 6b of the 
scanning optical element 6 in the second 
embodiment . 
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The schematic view of the optical 
scanning device of the second embodiment in the 
sub-scan direction, shown in Figure 12A, will be 
explained . 

5 In the second embodiment, a light beam 

Lil emitted from the light source means 1 is 
incident upon the deflecting surface 5a of the 
deflecting means 5, with an angle y = 3 (deg) in 
the sub-scan direction, with respect to the main- 

10 scan sectional plane. Also, a deflected light 

beam Ldl reflected by the deflecting surface 5a is 
incident upon the scanning optical element 6 at an 
angle y = 3 (deg) in the sub-scan direction with 
respect to the main-scan sectional plane . 

15 Therefore, the position where a principal ray 

(dash-and-dot line) of the deflected light beam 
Ldl arrives at and passes the entrance surface 6a 
and exit surface 6b is wide apart from the 
sagittal optical axis (or meridional) La. The 

20 passing positions Za and Zb upon the lens surfaces 
and the distance Zi en s from the optical axis La are 
above the meridional position (Zi e ns=0) r and thus 
it means Zi ens »0. 

In the second embodiment, the distance 

25 Ziens of the position Za in the sub-scan direction 
where the deflected light beam Ldl impinges on the 
entrance surface 6a of the scanning optical 
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element 6 is Zi en s =2.73 mm, while the distance 
Ziens of the position Zb where the light arrives at 
the exit surface 6b is Ziens = 3 . 34 mm. 

Further, in regard to a light beam Li2 
5 being obliquely incident with an angel y = 

1.5(deg), the distance Ziens of the position Zc in 
the sub-scan direction where the light beam 
impinges on the entrance surface 6a of the 
scanning optical element 6 is Ziens = 1.36 mm, 
10 while the distance Zi ens of the position Zd where 

the light arrives at the exit surface 6b is Zi ens = 
1 . 67 mm . 

The deflected light beam Ld (Ldl or 
Ld2) passed through the scanning optical element 6 

15 is imaged upon the surface 8 to be scanned, as a 

spot, by means of the light collecting function of 
the scanning optical element 6. In the second 
embodiment, both the deflected light beams Ldl and 
Ld2 reach the surface 8 to be scanned, within the 

20 main-scan sectional plane (upon the optical axis 
La of the scanning optical element 6) . In order 
to assure that light beams having different 
oblique incidence angles such as described above 
arrive at the same position (on the optical axis) 

2 5 upon the surface 8 to be scanned, the spherical 
aberration in the sub-scan direction may well be 
corrected within a range (hatched zone in Figure 
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12B) containing the deflected light beams Ldl and 
Ld2 . This will be described later in greater 
detail . 

Here, the position in the sub-scan 
5 direction where the deflected light beam Ld 

impinges on the surface 8 to be scanned, will be 
referred to as "irradiated position Zo", while the 
distance from the optical axis La will be referred 

to as "Z image" • 

10 The position in the sub-scan direction 

of the deflected light beam Ld impinging on the 
entrance surface 6a and exit surface 6b of the 
scanning optical system 6 as well as the power 
(refractive power) being influential to deflect 

15 the deflected light beam Ld downwardly, are 

different with the image height. Because of this, 
there arises a problem that the distance Zi ma ge of 
the irradiated position Zo does not become even, 
such that what is called " scan line bending" 

2 0 results therefrom . 

In order to solve this problem, in the 
optical scanning device according to the second 
embodiment, the exit surface 6b of the scanning 
optical element 6 which is a single element 

25 constituting the scanning optical system, is 

provided by a sagittal aspherical amount changing 
surface as defined by the sagittal shape S of 
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aforementioned equation (b) and the numerical 
values of Figure 13. Here, the term "sagittal 
aspherical amount changing surface" refers to a 
surface in which, along the meridional direction 
5 of the lens surface, the aspherical amount AXz of 
sagittal changes as becoming apart from the 
optical axis La of the lens surface. 

Here, the term "sagittal aspherical 
amount AXz" refers to the amount AXz, as shown in 
10 Figure 6, through which, at a certain position 

Ziens (Ziens^Orran) in the sub-scan direction other 
than upon the meridional (other than on the 
sagittal optical axis) , the lens surface displaces 
from the base sagittal curvature radius Rs* . The 

15 recitation "the sagittal aspherical amount AXz 

changes" means that the sagittal aspherical amount 
AXz at the same position Zi en s (Ziens^Ornm) in the 
sub-scan direction changes with the position Y in 
the meridional direction. Namely, it means a 

2 0 state dAXz/dY^O. 

Figure 13 shows how the sagittal 
aspherical amount AXz of the exit surface 6b of 
the scanning optical element 6, in the second 
embodiment, changes. Figure 14 illustrates how 

25 the sagittal aspherical amount AXz at a distance Z 
from the sagittal optical axis changes along the 
meridional direction (Y value), that is, the 
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sagittal aspherical amount AXz at the position ZRa 
in Figure 7. Figure 15 illustrates how the 
sagittal aspherical amount AXz at a distance Y 
along the meridional direction from the optical 
5 axis La of the exit surface 6b, changes in the 
sub-scan direction (Z direction), that is, the 
sagittal aspherical amount AXz at the position YRa 
in Figure 8. 

In the second embodiment, the sagittal 

10 shape of the exit surface 6b is all made non- 
arcuate (aspherical) . Furthermore, as shown in 
Figure 14, the exit surface 6b is defined as such 
sagittal aspherical amount changing surface that: 
in the meridional direction, the aspherical amount 

15 of sagittal gradually decreases as becoming apart 
from the optical axis. Also, as shown in Figure 
15, the sagittal aspherical amount is so added 
that, it gradually increases as becoming apart 
from the sagittal optical axis in the sub-scan 

20 direction. Here, positive sign means displacement 
from the base arcuate shape toward the surface to 
be scanned. 

The sagittal aspherical amount changing 
surface is such that, as becoming apart from the 
25 optical axis La on the exit surface 6b in the 
meridional direction, the sagittal aspherical 
power gradually decreases from zero and, in a 
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portion of the exit surface 6b off the optical 
axis La, the sagittal aspherical power gradually 
decreases as becoming apart from the sagittal 
optical axis La in the sub-scan direction . 
5 Further, the sagittal aspherical power 

being added is a very small power, as being about 
1/100 of the base arcuate shape, and the sagittal 
aspherical surface is effective only to correction 
of scan line bending, without substantial 
10 contribution to field curvature in the sub-scan 
direction . 

Figures 21A and 21B illustrate 
spherical aberrations in the sub-scan direction at 
a scan center image height and a scan end image 

15 height, in the second embodiment. Although the 
actual light beam is in a narrow range shown in 
Figure 12A, for evaluation of spherical aberration 
to the lens used in the second embodiment the 
range depicted by hatching in Figure 12B was used. 

20 As regards the comparative example, a lens without 
an aspherical surface in the sagittal direction 
was used. The axis of ordinate represents the 
position of a light ray in the sub-scan direction, 
passing through the entrance surface 6a of the 

25 scanning optical element 6. As depicted in these 
graphs, in the whole region including the 
deflected light beams Ldl and Ld2 , the spherical 
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aberration in the sub-scan direction is corrected 
satisfactorily . 

More specifically, where the focal 
length of the scanning optical system in the sub- 
5 scan direction is fs, the scanning optical element 
6 is so arranged that, in the whole region with a 
light beam incidence angle not greater than y, the 
spherical aberration in the sub-scan direction is 
held to be not greater than 0.05fs. 

10 With the spherical aberration 

correction such as described above, a light beam 
obliquely incident on the region where the 
spherical aberration has been corrected can be 
assuredly imaged upon the optical axis of the 

15 scanning optical element 6. This provides two 
advantageous results, as follows. 

First, even if the oblique incidence 
angle y deviates due to a disposition error of a 
light source or a collimator lens, for example, 

2 0 the light can be assuredly imaged upon the same 

irradiated position on a photosensitive drum and, 
therefore, the adjustment of irradiated position 
in the sub-scan direction can be simplified. 
Further, even if the oblique incidence angle y 

2 5 fluctuates due to any vibration of the device, it 
does not cause pitch irregularity and, thus, 
stable image quality can be held. 
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The second advantage is available when 
the scanning optical element is used in a 
different image forming apparatus. More 
specifically, if the mirror placement or the like 
5 after the scanning optical element is modified 
while changing the oblique incidence angle y 
because of any spatial restriction in the main 
assembly or the like, just the same scanning 
optical element can be used there. In 

10 conventional oblique incidence optical systems, a 
scanning optical element is arranged with 
eccentricity for correction of scan line bending. 
Although this arrangement enables correction of 
scan line bending in relation to the case of 

15 oblique incidence angel y f it does not meet a 

different oblique incidence angle y' . Therefore, 
if the oblique incidence angle is different, the 
scanning optical element must be re-designed with 
respect to such angle. 

2 0 As compared therewith, once the 

spherical aberration in the sub-scan direction is 
corrected within a range in which actual use is 
expected, as in this embodiment of the present 
invention, it can provide a scanning optical 

2 5 element which meets any oblique incidence angle y 
in that range. 

Furthermore, for correction of 
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spherical aberration, in place of applying a 
sagittal aspherical surface used in the second 
embodiment, a diffractive optical element surface 
having an aspherical surface effect may be used. 
5 As a further alternative, spherical aberration may 
be corrected through bending of plural surfaces. 

Figures 22A and 22B show aberrations in 
the second embodiment (oblique incidence angle 3°). 

The curvature of field in the main scan 

10 direction is within a range of ±0 . 6 mm, and the 
field curvature in the sub-scan direction is 
within a range of ±0.3 mm. Thus, they are well 
corrected. Also, distortion aberration (f-9 
characteristic) is within a range of ±0.3% and 

15 image height deviation is within a range of ±0.08 
mm, and they are well corrected. 

Thus, separately from correction of the 
field curvature in the sub-scan direction on the 
basis of the light collecting function as provided 

20 by the base arcuate shape, controlling the 

irradiated position on the surface to be scanned, 
through the aspherical effect thereof, is enabled. 
Due to its aspherical surface effect, the 
irradiated position Z oa of the deflected light, 

25 being directed to different image heights, can be 
made even in registration with the irradiated 
position Zo at the center image height. Namely, 
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the field curvature in the sub-scan direction and 
the scan line bending can be corrected 
independently of each other. Regarding 
registration, more specifically, it is 
accomplished with a positional deviation in the 
sub-scan direction of not greater than 10 pm, 
preferably, not greater than 5 ym. 

Figures 16A and 16B show the irradiated 
position and scan line bending in an optical 
scanning device according to the second embodiment 
(oblique incidence angles 3° and 1.5°), in 
comparison with those of a comparative example. 
The optical scanning device of the comparative 
example had a scanning optical system without the 
aspherical surface effect of the second embodiment. 
The scan line bending is defined by deviations in 
the irradiated position between the center image 
height and other image heights . 

As seen from Figures 16A and 16B, the 
irradiated position at the center image height 
corresponding to upon the optical axis of the 
scanning optical system 6 is Zi mage = 0 mm in the 
second embodiment, while Zi mage = -0.0997 mm in the 
comparative example without a sagittal aspherical 
surface . 

In the comparative example, as compared 
with the center image height, the irradiated 
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position at an end portion image height is 
displaced downwardly, and scan line bending of 11 
pm is produced. In the second embodiment as 
compared therewith, the irradiated positions at 
5 different image heights are made even, and scan 
line bending is corrected to a sufficiently small 
amount of 4.7 pm in the case of oblique incidence 
angle 3° and 2.3 pm in the case of oblique 
incidence angle 1.5°. 

10 It is seen from the above that, by 

changing the sagittal aspherical amount AXz as 
becoming apart from the optical axis La in the 
meridional direction, the irradiated position at 
each image height can be made even and the scan 

15 line bending can be improved remarkably. 

Further, in the optical scanning device 
according to the second embodiment, since the 
irradiated position Zo upon the surface 8 to be 
scanned is made closer to the sagittal optical 

2 0 axis La as compared with the position in the sub- 
scan direction where the deflected light beam Ld 
reaches the entrance surface 6a or exit surface 6b 
of the scanning optical system 6, the scan line 
bending can be corrected more satisfactorily. 

25 Next, single scanning optical element 6 

which constitutes the scanning optical system of 
the second embodiment will be described. The 



- 61 - 



entrance surface 6a is a cylindrical surface 
having a power only in the main scan direction. 
The exit surface 6b is a sagittal curvature radius 
changing surface wherein the meridional has an 
5 arcuate shape while the sagittal has a convex 
shape and wherein the absolute value of the 
curvature radius gradually increases as becoming 
apart from the optical axis in the meridional 
direction. Further, on both left and right sides 

10 of the main scan direction, sandwiching the 

optical axis of the scanning optical system 6, the 
sagittal curvature radius changes asymmetrically. 
As described above, the total power (refractive 
power) of the scanning optical system 6 in the 

15 sub-scan direction is concentrated to the exit 
surface 6b. 

More specifically, desirably 90% or 
more of the total power is concentrated. Namely, 
where the power of the scanning optical system 6 
20 in the sub-scan direction is 0 SO and the power of 
the sagittal aspherical amount changing surface in 
the sub-scan direction is 0 S ±, the structure is 
arranged to satisfy the following relation: 

0 . 9x<0 so ^0si^l - Ix0 so 
25 Figure 11 is a schematic view of a main 

portion of the second embodiment in the main scan 
direction . 
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The meridional shape of the exit 
surface 6b shown in Figure 11 is arcuate, with 
such shape that: if the distance, along the 
optical axis of the scanning optical system 6, 
5 from the position in the main scan direction where 
the deflected light beam is deflected by the 
deflection surface 5a to the position where the 
deflected light beam reaches the exit surface 6b 
is PI and the distance from the position where the 

10 deflected light beam reaches the exit surface 6b 

to the position where it impinges on the surface 8 
to be scanned is P2 , in regard to light paths of 
deflected light beams directed to all the image 
heights on the surface 8 to be scanned the ratio 

15 P2/P1 between them becomes approximately constant 
(P2/P2=Const) or, alternatively, it becomes within 
a range of ±10% from a certain value. For example, 
in regard to the case of the light path for a 
deflected light beam Ld being directed to an end 

20 portion Ip of the image height, if the distance 
from the position where the deflected light beam 
Ld is reflected by the deflection surface 5a to 
the position where the deflected light beam Ld 
reaches the exit surface 6b is Ml and the distance 

25 from the position where the deflected light beam 
Ld reaches the exit surface 6b to the position 
where it reaches the surface 8 to be scanned is M2 , 
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the meridional shape is so determined that the 
ratio M2/M1 between them becomes approximately 
equal to P2/P1 (M2/M1«P2/P1 , more specifically, to 
be within the range of ±10%) . Namely, it is 
5 determined to satisfy: 

nn P2 Ml , , PI 
0.9 x =s ssl.lx 

PI Ml PI 

Although in the second embodiment the 
total power (refractive power) of the scanning 
optical system 6 in the sub-scan direction is 

10 concentrated to the exit surface 6b, both of 
making the field curvature in the sub-scan 
direction even through the meridional shape 
described hereinbefore and making the lateral 
magnification (sub-scan magnification) ps in the 

15 sub-scan direction even at an approximately 

constant value can be accomplished consistently. 
The sub-scan magnification of the scanning optical 
system 6 in the second embodiment is Ps = -2 . 31x . 

With this arrangement, even if the 

20 scanning optical element 6 is shifted or tilted in 
the sub-scan direction due to a manufacturing 
error or assembling error, for example, to produce 
eccentricity in the sub-scan direction, the design 
(initial) performance in regard to scan line 

2 5 bending can be maintained. 

Namely, in accordance with the optical 
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scanning device of the second embodiment, scan 
line bending can be corrected satisfactorily 
throughout the whole image height on the surface 8 
to be scanned, and additionally, even if there 
5 occurs any eccentricity of the scanning optical 

element 6 in the sub-scan direction, superior scan 
line bending performance can be held constantly. 
Therefore, the second embodiment provides an 
optical scanning device by which scan line bending 

10 can be corrected stably and high-quality images 
are obtained constantly . 

The second embodiment concerns an 
example in which a light beam emitted from light 
source means 1 is projected upon the deflecting 

15 means at an oblique incidence angle y with respect 
to the main-scan sectional plane and in which the 
position where a deflected light beam to be 
directed to an end portion of the surface 8 to be 
scanned is reflectively deflected by the 

20 deflecting surface 5a of the polygon mirror 5 is 
made at the same level as the optical axis of the 
scanning optical system 6. However, the invention 
is not limited to this example. As an alternative 
example, the positions where the deflected light 

25 beam to be directed to all the image heights is 
reflectively deflected by the deflecting surface 
5a may be defined above the optical axis. 
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Advantageous results of the present invention are 
still well available in that occasion. 

Further, although the second embodiment 
concerns an optical scanning device in which a 
5 single light beam is optically scanned, the 

invention is not limited to it. Substantially the 
same advantageous effects are attainable in a 
multi-beam type optical scanning device in which 
two, three, four or more light beams are optically 

10 scanned simultaneously. 

Furthermore, although the second 
embodiment relates to an example wherein the 
scanning optical system is provided by a single 
scanning optical element, the invention is not 

15 limited to it. The scanning optical system may 
comprise plural optical components such as 
scanning optical elements or imaging mirrors. At 
least one surface of such scanning optical 
elements may be made into a sagittal aspherical 

20 amount changing surface and, by which, scan line 
bending can be corrected satisfactorily. 

It should be noted that in the second 
embodiment the entrance surface and/or the exit 
surface of the scanning optical element may be 

25 formed with diffraction means to provide a similar 
aspherical surface function as described 
hereinbefore. 



- 66 - 



The second embodiment concerns an 
example of optical scanning device with only one 
sagittal aspherical amount changing surface, in 
which only the exit surface 6b of the scanning 
5 optical element 6 is formed into a sagittal 

aspherical amount changing surface. However, the 
invention is not limited to this. Substantially 
the same advantageous results as of the second 
embodiment may be attainable with an optical 

10 scanning device with plural sagittal aspherical 
amount changing surfaces, in which the entrance 
surface 6a also of the scanning optical system 6 
is formed into a sagittal aspherical amount 
changing surface to share the aspherical mount by 

15 two surfaces. 

Further, although in the second 
embodiment the meridional shape of the exit 
surface 6b of the scanning optical system 6 is 
arcuate, the invention is not limited to this. If 

20 a non-arcuate shape (aspherical shape) is use, 

aberrations in the main scan direction can be well 

corrected and, thus, substantially the same 

advantageous results or better results are 

obtainable in that occasion. 

25 Furthermore, while the second 

4 4 2 

embodiment uses two coefficients Z and Z Y for 
the aspherical surface term of sagittal, the 
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invention is not limited to this. A polynomial 

wherein the number of orders for "Y" concerning 

4 4 4 4 6 2 8 

"Z " is increased such as Z Y , Z Y , Z Y , etc. , 

or a polynomial wherein the number of orders for 

5 "Z" concerning each order of "Y" is increased in 

6 6 2 6 4 6 6 
addition to the above, such asZ, ZY, ZY, Z Y , 

68 882848688 
Z Y , etc., and Z , ZY, ZY,ZY,ZY, etc., 

may be used for expression of the sagittal 

aspherical surface. The advantageous effects of 

10 the present invention can be enhanced furthermore, 

in that occasion. 



[Embodiment 3] 

Figure 17A is a main-scan sectional 
15 view of an optical scanning device according to a 
third embodiment of the present invention, and 
Figure 17B is a sub-scan sectional view of the 
same . 

The third embodiment includes two 
20 optical scanning devices according to the first or 
second embodiment, but single deflecting means is 
shared by them. More specifically, the third 
embodiment concerns an optical scanning device for 
a color image forming apparatus wherein two light 
2 5 beams are inputted to each scanning optical system 
6 and, thus, four light beams are projected 
simultaneously upon single deflecting means 5, 
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such that our light beams are deflected by the 
single deflecting means 5 to thereby optically 
scan photosensitive drums 8a - 8d corresponding to 
the four light beams, respectively. 
5 In Figures 17A and 17B, denoted at 1 is 

light source means (multi-beam laser) which 
comprises four semiconductor lasers la, lb, lc and 
Id each being adapted to emit a single light beam. 
Each of four divergent light beams emitted from 

10 the four semiconductor lasers la - Id is 

transformed by associated one of collimator lenses 
(first optical element) 2a, 2b, 2c and 2d into an 
approximately parallel light beam (it may be a 
convergent light beam or a divergent light beam) . 

15 Subsequently, aperture stops 3a, 3b, 3c and 3d 
function to restrict the beam width of the 
corresponding light beams. Of these light beams, 
two approximately parallel light beams passed 
through the aperture stops 3a and 3b are imaged by 

20 means of a first cylindrical lens (second optical 
element) having a power only in the sub-scan 
direction, adjacent the deflecting surface 5a of 
the deflecting means (to be described) as a linear 
image extending along the main-scan sectional 

25 plane. Also, two approximately parallel light 

beams passed through the aperture stops 3c and 3d 
are imaged by means of a second cylindrical lens 
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4b having a power only in the sub-scan direction, 
adjacent the deflecting surface 5b of the 
deflecting means 5 (to be described) as a linear 
image extending along the main-scan sectional 
5 plane. 

Denoted at 5 is the deflecting means 
which comprises a polygon mirror (rotational 
polygonal mirror) having a four-surface structure, 
for example. It is rotated in the direction of an 

10 arrow A and at a constant speed, by driving means 
(not shown) such as a motor, for example. 

Denoted at 61 is a first scanning 
optical system which consists of a single scanning 
optical element (f-9 lens) made by plastic molding 

15 and having an f-8 characteristic. Denoted at 62 

is a second scanning optical system which consists 
of a single scanning optical element (f-9 lens) 
made by plastic molding and having an f-G 
characteristic. Each scanning optical element 

2 0 serves to image two deflected light beams BMa and 
BMb (BMc and BMd) reflectively deflected by the 
deflecting means 5 upon photosensitive drum 
surfaces 8a and 8b (8c and 8d) which are surfaces 
to be scanned. Also, they serve to correct 

25 surface tilt of the deflecting surface 5a (5b) of 
the deflection means 5. Here, the four deflected 
light beams BMa - BMd reflectively deflected by 



- 70 - 



the deflecting surfaces 5a and 5b of the 
deflection means 5 are directed through the first 
scanning optical system 61 or the second scanning 
optical system 62 onto the four photosensitive 
5 drum surfaces 8a, 8b, 8c and 8d (cyan, magenta, 

yellow and black) corresponding to the four light 
beams, respectively. By rotating the deflection 
means 5 in the direction of an arrow A, the 
photosensitive drum surfaces 8a - 8d are optically 

10 scanned in the direction of an arrow B. In this 
manner, a single scan line is defined on each of 
the four photosensitive drum surfaces 8a - 8d, 
whereby imagewise recording is carried out. 

Each scanning optical system 61 (62) 

15 shares a common scanning optical element, for two 
light beams BMa and BMb (BMc and BMd) and, by 
which, a single scan line is defined on each of 
the four photosensitive drum surfaces 8a - 8d and 
the imagewise recording is carried out. 

20 Hereinafter, for simplicity of 

explanation, the scanning optical systems 61 and 
62 will be referred to also as a scanning optical 
system 6, and collimator lenses 2a, 2b, 2c and 2d 
will be referred to also as a collimator lens 2. 

25 Also, the aperture stops 3a, 3b, 3c and 3d will be 
referred to also as an aperture stop 3, and 
cylindrical lenses 4a and 4b will be referred to 
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also as a cylindrical lens 4. The surfaces 8a, 8b, 
8c and 8d to be scanned will be referred to also 
as a surface 8 to be scanned. 

The third embodiment concerns an 
5 example wherein the invention is applied to a 
color image forming apparatus having four 
photosensitive drums corresponding to colors of 
cyan, magenta, yellow and black, respectively. A 
color image is formed by superposition of the four 

10 colors and, if there occurs a deviation in 

printing position of the scan lines corresponding 
to these colors, color misregistration results 
therefrom which causes degradation of the image 
quality. It is therefore necessary to assure 

15 registration of printing position for the scan 
lines corresponding to the colors. 

The third embodiment concerns an 
optical scanning device for optically scanning 
four light beams simultaneously by use of two 

20 scanning optical systems 61 and 62 relative to a 
single polygon mirror 5, as shown in Figure 17B. 
More specifically, the deflected light beams BMa 
and BMc incident on the scanning optical systems 
61 and 62, respectively, in a portion above the 

25 sagittal optical axis, are turned back downwardly 
by first and second returning mirrors 7a and 7d, 
respectively, each at a position close to the 
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scanning optical element 61 or 62, and 
subsequently, the light beams are reflected by 
third and fourth returning mirrors 7c and 7f , 
respectively, toward the photosensitive drum 
surfaces 8a and 8c, respectively. On the other 
hand, the deflected light beams BMb and BMd 
incident on the scanning optical elements 61 and 
62 in a portion below the sagittal optical axis 
are reflected toward the photosensitive drum 
surfaces 8b and 8d, respectively, by fifth and 
sixth returning mirrors 7b and 73, respectively, 
each at a position apart from the scanning optical 
element 61 or 62. 

As described, the returning mirrors are 
disposed approximately linearly symmetrically with 
respect to the rotational axis of the polygon 
mirror, and thus an optical scanning device of 
simple and compact structure is provided. 

Generally, where returning mirrors are 
disposed linearly symmetrically with respect to 
the rotational axis of the polygon mirror 5 as in 
the third embodiment, there is a possibility that 
the direction bending of the scan lines, optically 
scanning the photosensitive drum surfaces, is 
reversed and, if an optical scanning device having 
large scan line bending is used, the problem of 
color misregistration becomes quite notable. 
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Further, if the disposition of the returning 
mirrors is reversed from this embodiment so that a 
deflected light beam incident on the second 
scanning optical system 62 at a position below the 
5 sagittal optical axis is directed to the 

photosensitive drum surface 8 by means of an even 
number of returning mirrors, while a deflected 
light beam incident on above the sagittal optical 
axis is directed to the photosensitive drum 

10 surface 8 by means of an odd number of returning 
mirrors, the direction of the scan line bending 
itself can be made even. However, extension of 
the light paths becomes very complicated, and it 
leads to bulkiness of the optical scanning device 

15 or to an increase in the number of returning 

mirrors that makes the structure very complicated. 

In consideration of it, in the third 
embodiment, the sagittal shape of the exit surface 
6b of each of the first and second scanning 

20 optical systems 61 and 62 is made non-arcuate 
(aspherical) . Moreover, it uses a sagittal 
aspherical amount changing surface that the 
sagittal aspherical amount changes as becoming 
apart from the optical axis La of the exit surface 

25 6b, along the meridional direction, thereby to 
suppress the scan line bending to a very small 
level. The third embodiment, with this 
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arrangement, assures provision of" an optical 
scanning device by which, even if an optical path 
layout (or returning mirror disposition) in which 
the direction of scan line bending is reversed is 
5 applied there, a high-quality color image can be 
produced stably without the problem of color 
misregistration . 

It should be noted, in the third 
embodiment, the entrance surface and/or the exit 

10 surface of the scanning optical system may be 

formed with diffraction means to provide a similar 
aspherical surface function as described 
hereinbefore . 

Although in the third embodiment the 

15 number of scanning optical element which 

constitutes the scanning optical system is one, 
the invention is not limited to this. Plural 
optical elements may be used therefor, with 
sufficient advantageous results of the present 

20 invention. As a matter of course, a scanning 

optical element having a power only in the sub- 
scan direction may be formed with a sagittal 
aspherical amount changing surface. 

Further, in the third embodiment a 

25 single light beam is optically scanned along 

associated one of the photosensitive drum surfaces 
corresponding to different colors, respectively, 
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the invention is not limited to this. As an 
example, eight light beams may be reflectively 
deflected by the polygon mirror at once, while on 
the other hand four light beams are projected to 
5 each of the two scanning optical systems, whereby 
two light beams are directed to each 
photosensitive drum surface for optical scan 
thereof. Substantially the same advantageous 
results as of the present invention will be 
10 attainable with an optical scanning device of such 
structure. 

[Image Forming Apparatus] 

Figure 18 is a sectional view of a main 

15 portion, in a sub-scan direction, of an image 

forming apparatus according to an embodiment of 
the present invention. In Figure 18, denoted at 
104 is the image forming apparatus. In this image 
forming apparatus 104, code data Dc is imputed 

20 thereinto from an external equipment 117 such as a 
personal computer, for example. The code data DC 
is converted by a printer controller 111 in the 
apparatus, into imagewise data (dot data) Di . The 
imagewise data Di is than applied to an optical 

25 scanning unit 100 having a structure such as 

described with reference to the first or second 
embodiment of the present invention. The optical 
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scanning unit 100 produces a light beam 103 being 
modulated in accordance with the imagewise data Di , 
and, by this light beam 103, a photosensitive 
surface of a photosensitive drum 100 is optically 
5 scanned in the main scan direction. 

The photosensitive drum 101 which is an 
electrostatic latent image bearing member 
(photosensitive member) is rotated clockwise by a 
motor 115. With this rotation, the photosensitive 

10 surface of the photosensitive drum 101 moves 

relatively to the light beam 103, in the sub-scan 
direction perpendicular to the main scan direction. 
Disposed above the photosensitive drum 101 is a 
charging rollerl02, being in contact with the drum 

15 surface, for uniformly electrically charging the 

surface of the photosensitive drum 101. The light 
beam 103 scanned by the optical scanning unit 100 
is projected onto the surface of the 
photosensitive drum 101, being electrically 

20 charged by the charging roller 102. 

As described hereinbefore, the light 
beam 103 is modulated in accordance with the 
imagewise data Di and, by irradiating with this 
light beam 103, an electrostatic latent image is 

25 formed on the surface of the photosensitive drum 
101. The electrostatic latent image thus formed 
is then developed into a toner image, by means of 
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a developing device 107 which is disposed 
downstream of irradiation position of the light 
beam 103 with respect to the rotational direction 
of the photosensitive drum 101, and which is 
5 provided in contact with the photosensitive drum. 

The toner image developed by the 
developing device 107 is transferred to a paper 
sheet (transfer material) 112, by means of a 
transfer roller 108 which is disposed below the 

10 photosensitive drum 101 and placed to be opposed 
to the photosensitive drum. Paper sheets 112 are 
accommodated in a sheet cassette 109 before (at 
right-hand side in Figure 18) the photosensitive 
drum 101, but paper sheets can be supplied 

15 manually. At an end of the sheet cassette 109, 

there are sheet supplying rollers 110 for feeding 
paper sheets 112 in the cassette 109, into the 
conveyance pa th . 

The paper sheet 112 having an unfixed 

2 0 toner image transferred thereto is then conveyed 
to a fixing device after (at left-hand side in 
Figure 18) the photosensitive drum 101. The 
fixing device includes a fixing roller 113, having 
an unshown fixing heater accommodated therein, and 

25 a pressing roller 114 disposed to be press 

contacted to the fixing roller 113. The paper 
sheet 112 conveyed from the transfer station is 
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pressed and heated at the press contact nip 
between the fixing roller 113 and the pressing 
roller 114, whereby the unfixed toner image on the 
paper sheet 112 is fixed thereto. Disposed after 
5 the fixing roller 113 are of paper discharging 
rollers 116, and they function to discharge the 
image-fixed paper sheet 112 outwardly of the image 
forming apparatus . 

Although not illustrated in Figure 18, 

10 the printer controller 111 has not only the 

function of data conversion as described above but 
also the function of controlling components such 
as motor 115, for example, inside the image 
forming apparatus and polygon motor or the like 

15 inside the optical scanning unit, to be described 
later . 



[Color Image Forming Apparatus] 

Figure 19 is a schematic view of a main 

2 0 portion of a color image forming apparatus 
according to an embodiment of the present 
invention. This embodiment concerns tandem type 
color image forming apparatus in which four 
optical scanning devices are disposed in an array 

25 to record imagewise information upon 

photosensitive drums (image bearing members) , 
respectively, in parallel to each other. In 
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Figure 1 9 , denoted at 60 is the color image 
forming apparatus. Denoted at 11 , 12 , 13 and 14 
are optical scanning devices having a structure 
such as described with reference to the first or 
5 second embodiment of the present invention. 

Denoted at 21, 22, 23 and 24 are photosensitive 
drums or image bearing members, and denoted at 31, 
32, 33, and 34 are developing devices. Denoted at 
51 is a conveyance belt. 

10 In Figure 19, the color image forming 

apparatus 60 receives input color signals of R 
(red) , G (green) and B (blue) from an external 
equipment 52 such as a personal computer or the 
like. These color signals are converted by a 

15 printer controller 53 inside the image forming 
apparatus into imagewise data (dot data) of C 
(cyan) , M (magenta) , Y (yellow) and B (black) , 
respectively. These imagewise data are then 
applied into the optical scanning devices 11, 12, 

20 13 and 14, respectively. The optical scanning 

devices then produces light beams 41, 42, 43 and 
44, being modulated in accordance with the 
imagewise data, respectively, so that the 
photosensitive surfaces of the photosensitive 

25 drums 21, 22, 23 and 24 are optically scanned in 
the main scan direction by these light beams. 

The color image forming apparatus of 
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this embodiment has four optical scanning devise 
11 - 14 to perform recording of imagewise signals 
(imagewise information) upon the surfaces of 
photosensitive drums 21, 22, 23 and 24 in parallel 
to each other and in accordance with four colors 
of C (cyan) , M (magenta) , Y (yellow) and B (black) 
respectively. Thus, a color image can be printed 
at a higher speed. 

As described above, the color image 
forming apparatus of this embodiment includes four 
optical scanning devices 11 - 14 to produce latent 
images of corresponding colors on the surfaces of 
associated photosensitive drums 21 - 24, 
respectively, by use of light beams which are 
based on the respective imagewise data. After 
this, these images are superposedly transferred to 
a recording material, whereby a single full-color 
image is produced. 

As regards the external equipment 52 , a 
color image reading apparatus having a CCD sensor, 
for example, may be used. In that occasion, the 
color image reading apparatus and the color image 
forming apparatus in combination may constitute a 
color digital copying machine. 

In accordance with the embodiments of 
the present invention as described hereinbefore, 
at least one surface of a scanning optical element 
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constituting a scanning optical system is formed 
with a sagittal aspherical amount changing surface 
in which an aspherical amount of sagittal changes 
in the meridional direction. This assures an 
5 optical scanning device and an image forming 
apparatus having the same, by which scan line 
bending can be reduced significantly. 

Further, when a plurality of optical 
scanning devices such as above are to be 

10 incorporated into a color image forming apparatus, 
by improving the light path layout or the latitude 
of returning mirror disposition, a color image 
forming apparatus with a reduced number of 
returning mirrors or with a simple and compact 

15 structure can be provided. 

The present invention accomplishes an 
optical scanning device or an image forming 
apparatus using the same, of the structure that: 
as described hereinbefore, in the scanning optical 

20 system, light is obliquely incident upon a plane 
orthogonal to a rotational axis of deflecting 
means and, through the correction of spherical 
aberration in the sub-scan direction within a 
certain region in the sub-scan direction, light 

25 can be assuredly imaged on the optical axis of the 
scanning optical element, regardless of the 
oblique incidence angle and as long as it is 
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within the spherical aberration corrected region; 
and that through the correction of spherical 
aberration in the sub-scan direction within an 
effective scan range in the main scan direction, 
5 the scan line bending can be reduced. 

Moreover, the present invention 
accomplishes an optical scanning device of simple 
structure and an image forming apparatus using the 
same, by which an optical scanning element can be 

10 used interchangeably between different image 
forming apparatuses . 

The present invention accomplishes an 
optical scanning device of simple structure and an 
image forming apparatus using the same, wherein a 

15 scanning optical system is provided by a single 
scanning optical element having an anamorphic 
surface and wherein one surface of the scanning 
optical element is provided by an aspherical 
surface in the main-scan sectional plane, whereby 

2 0 scan line bending can be reduced . 

While the invention has been described 
with reference to the structures disclosed herein, 
it is not confined to the details set forth and 
this application is intended to cover such 

25 modifications or changes as may come within the 
purposes of the improvements or the scope of the 
following claims. 



